China has a relatively high prevalence of hepatitis B virus (HBV) infection, with approximately 68 million affected individuals. Notably, 10%-15% of patients with chronic HBV develop liver cirrhosis (LC), liver failure and hepatocellular carcinoma (HCC). A nationwide HBV sero-epidemiological survey was conducted in 1992, and researchers showed that the hepatitis B surface antigen (HBsAg) carrier rate in the whole population was 9.75%. 
LC and/or HCC. 4 Thus, there is a heavy public health burden of HBVrelated liver disease in China. in different ethnic genetic populations, [11] [12] [13] [14] demonstrating that HLA-DPA1, HLA-DPB1 and associated SNPs are related to susceptibility to HBV infection and have an important role in spontaneous clearance of HBV. 15 In recent years, researchers 16 found that risk alleles of rs3077CC
decrease liver mRNA expression of HLA-DP in patients with HBV, suggesting that the expression of HLA-DPA1 genes is important in the control of HBV in non-Hispanic Europeans. Thomas Because the frequencies of HLA-DPA1 alleles in Chinese populations are similar to those in Japanese populations, the relationship between HLA-DPA1 expression and HBV has not been verified in Asian populations. In this study, we genotyped HLA-DPA1 and selected the SNP with the strongest association (rs3077) in HLA-DPA1. We further genotyped these sequences in a population-based case-control study in the Chinese Han population and investigated the associations among genotypes, HLA-DPA1 expression and HBV susceptibility.
| MATERIAL S AND ME THODS

| Samples
The samples examined in this study were from Deyang Blood Center, 
| HBV viral load test
Plasma from HBV carriers was separated from ethylenediaminetetraacetic acid (EDTA)-treated peripheral venous blood, and viral loads were measured using an in-house HBV detection reagent. 17 To quantify the HBV viral load, we diluted the 3rd WHO International
Standard for Hepatitis B Virus (NIBSC code: 10/264) to different concentrations to determine the unknown HBV viral load.
| Rs3077 and HLA-DP genotyping
To determine SNP genotypes, peripheral blood from all patients was collected into EDTA blood tubes. High-quality genomic DNA was extracted from 400 μL blood using a DNA extraction kit (Tiangen, Beijing, China), in accordance with the manufacturer's instructions.
The DNA concentrations ranged from 20 to 50 ng/μL, and the A260/280 values were between 1.8 and 2.0.
Genotyping was performed using sequence-based typing.
Amplification primers were as follows: rs3077 (forward), 5′-GAACT CCTTGGCTCCTATGT and (reverse), 5′-CAGACCAAATCTCTTCCCTC;
HLA-DPA1 exon 2 (forward), 5′-TTCCTTTATGGTGTTGCTCCT and (reverse), 5′-GCTCACCTTTCTCTCTCCTG. All reactions were standardized to the expression of the reference gene GAPDH.
| Linkage of HLA-DPA1 and SNPs
Genotype frequency was tested for Hardy-Weinberg equilibrium (HWE) using Arlequin v 3.5.1.2. D' was calculated as described by Paximzadis et al. 18 The statistical significance of the linkage disequilibrium between each of the allele pairs was evaluated by the approximate X 2 reported by Liau et al., 19 as shown below. Statistical significance was defined at a P value of <0.05.
| Meta-analysis study
In order to estimate the influence of the HLA-DPA1 alleles on susceptibility to HBV infection, we performed a meta-analysis. Relevant studies were searched and identified using a computerized litera- 
| Statistical analysis
The HWE of the genotype distributions and the linkage disequilibrium (LD) of the SNPs were examined using Arlequin 3.5. 
| RE SULTS
| Characterization of the samples
There were no differences in age, sex, ALT levels, AST levels, albumin levels, total bilirubin levels between HBV carriers and HCs (Table S1 ).
| HBV viral loads of different alleles
We set the baseline HBV viral load at 100 IU/mL and then compared the HBV viral loads of different rs3077 alleles. We found that the viral load (log10) of rs3077CC was higher than that of rs3077TT
in HBeAg-negative samples. However, rs3077CC had a significantly higher HBV viral load than rs3077TT for all HBV infections (Figure 1 ).
| Relationships among HLA-DP, SNPs, and susceptibility to HBV infection
Carrying the HLA-DPA1 rs3077C allele was a risk factor for chronic HBV infection (1.51, 95% CI: 1.11-2.05) ( 
| HLA-DP mRNA levels in HBV infections
In total, 115 HBV carriers and 203 HCs were measured for PBMC HLA-DPA1 mRNA levels. We found that the rs3077TT allele 
| Linkage of HLA-DPA1 and Rs3077
The LD test for HLA-DPA1 and rs3077 indicated that there could be a potential association between the alleles making up the haplotypes at different loci. The maximum-likelihood haplotype frequencies were estimated from the observed data using an expectationmaximization algorithm for multilocus genotypic data with an unknown gametic phase. When the recessive alleles were present, the ELB algorithm was used to estimate the gametic phase of the genotype data generated at all polymorphic positions within the gene region. The risk allele HLA-DPA1*02:02 was linked with rs3077C, and the protection allele HLA-DPA1*01:03 was linked with rs3077T (Table S2 ).
| Meta-analysis of HLA-DPA1 alleles with susceptibility to HBV infections
Finally, we performed a meta-analysis of HLA-DP alleles with susceptibility to HBV infections; 2946 patients with HBV infection and 2753 HCs were included in this meta-analysis (Tables S3-S4 , Figures   S1-S4 ). The heterogeneity of the studies was calculated by I 2 test.
The fixed effect model was employed when the heterogeneity parameter was lower than 50%; otherwise, the random effect model was used in the meta-analysis. We found that three HLA-DPA1 alleles were significantly associated with HBV infections. The HLA-DPA1*01:03 allele was a protective allele against HBV infection, whereas HLA-DPA1*02:01 and HLA-DPA1*02:02 were risk alleles for HBV infection.
| D ISCUSS I ON
The prevalence of HBV carriers is high (5%-7.99%) in China, 3 and HBV is an independent risk factor for hepatic fibrosis and HCC. showed that the HLA-DP locus was a strong risk factor for persistent TA B L E 2 HLA-DPA1 alleles in HBV and HC
F I G U R E 1 HBV viral load in different rs3077 alleles in HBeAg-negative samples (A) and total HBV samples (B)
infection with HBV. Thereafter, many studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 21 have focused successfully evaluated the associations among HLA-DP, HBV infection, and infection outcomes, and a meta-analysis was conducted, 22 demonstrating that the HLA-DPA1 rs3077-T allele protected against HBV infection (OR of 0.59 for both rs3077CT and rs3077TT genotypes). However, whether HLA-DP expression is associated with HBV infection had not been previously verified in the Chinese population. To the best of our knowledge, this is the first study in- Notably, the rs3077CC genotype was associated with a significantly higher HBV viral load than the rs3077TT genotype. The HBV viral load was significantly influenced by HBeAg; however, after HLA-DPA1 expression may be regulated by various factors.
Importantly, rs3077 is located in the 3′ untranslated region (UTR)
of HLA-DPA1, and the variants within the 3′ UTR may affect mRNA stability through binding of regulatory factors by microRNAs. A recent study 24 verified that miR-148a regulates HLA-C expression in the context of HIV control; moreover, they found that the HLA-C 3′ UTR sequence rs67384697ins was an miR-148a target site, and binding this microRNA resulted in relatively low surface expression of HLA-C alleles. In contrast, high expression of HLA-C alleles can permit escape from this post-transcriptional regulatory mechanism.
The 3′ UTR variant was also associated strongly with control of HIV;
therefore, HLA expression has a role in the control of a range of viruses.
This study had some limitations. First, we did not elucidate the relationship between HLA-DPA1 expression and HBV spontaneous clearance because we were not sure whether the HBV infections were chronic HBV infections owing to the limited follow-up times.
Secondly, we excluded the HBV viral loads in HBV patients whose HBV viral load was below 100 IU/mL or could not be detected, and this may have introduced bias in the HBV viral loads of different rs3077 alleles. Despite these limitations, this is the first study illustrating the relationship between HLA-DPA1 expression and HBV infection. Further studies are needed to verify these findings in different populations and different regions.
In conclusion, this is the first report of the relationship between HLA-DPA1 mRNA expression and HBV infections. We found that both the risk HLA-DPA1 alleles and rs3077 genotypes in HBV infections were associated with lower HLA-DPA1 mRNA expression.
Thus, our findings supported that HLA-DPA1 played an important role in HBV infection.
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